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RESULTSOFTESTSON_{E EFFECTSOFAEROEIASTICITYOF

_iE SPACESHUTTLEORBITERVERTICALTAIL USINGA

O.03-SCAImMODEL (47-0)IN NASA AMES O' TA 

WIND _ (OA126A, B AND C)

by

S. R. Houllhan

Rockwell International, Space Systems Group

ABSTRACT

This report presents data concerning wind tunnel tests of a 0.03-

scale space shuttle orbiter model (47-0) in the NASA Ames ll x iI, 9 x 7

and 8 x 7 foot legs of the Unitary Wind Tunnels.

The purpose of these tests was to determine the effect of aero-

elasticity of the orbiter vertical tail on the lateral directional

stability, rudder control characteristics and tail loads of the orbiter

vehicle. Testing was conducted from M = 0.6 to M = 3.5.

Three vertical tails were used. The first was a rigid tail mounted

on a 1 inch balance. This tail proved much too flexible during the

ll x ll foot test and was not used during subsequent tests. The second

tail was a pressure instrumented tail that was attached rigidly to the

balance block. This was used as a baseline rigid configuration. The

third tail was the elastic tall with an instrumented span to obtain loads.

Tail loads were not obtained during the ii x 11 and 9 x 7 foot tests

because of problems with this balance.

All data between M = 0.9 and M = 1.6 were not obtained duriug this
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ABSTRACT (Concluded)

test because of a failure of the ii x ii foot tunnel, but were subsequently

obtained in the AEDC 16 foot transonic tunnel. These are reported separate-

ly under test 0A129.
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_O_ON

This report presents data obtained from wind tunnel tests of the

space shuttle orbiter model 47-0 (O.03-scale). Testing was conducted

from April 28, 1978 to May 16, 1978 in the ii x 11 foot tunnel at Mach

numbers of 0.6, 0.8 and 0.9. Testing in the 9 x 7 foot tunnel at Mach

numbers of 1.55, 2.0 and 2.5 was conducted from May 23, 1978 to May 31,

1978. The 8 x 7 foot tunnel test took place from December 8, 1978 to

December 21, 1978 at Mach numbers of 2.5, 3.0 and 3.5.

The purpose of these tests was to determine the effects of aero-

elasticity of the orbiter vertical tail on the lateral directional sta-

bility characteristics, the rudder control chars_teristics and the

vertical tall loads.

Three vertical tails were used to obtain these data. The original

rigid tail was mounted on a six-component balance and had hinge moment

beams on the four speed brake panels. At the conclusion of the subsonic

portion of the Ii x 11 foot test, it was determined that this tail was

much too flexible to be used as a baseline rigid tail, so it was replaced

by the pressure tail which was mounted rigidly to the model backbone

and had rigid attachments for the speed brake panels. The pressure

orifices in this tail were plugged to prevent flow at the tail surface.

This tail provided very good data on the orbiter main balance but was

incapable of measuring tail loads.

The third tail was the aeroelastic or flexible tail. This tail was

constructed with an aluminum spar covered by a special "zero-modulus"



INTRODUCTION (Concluded)

silicon rubber covering to bring the mold line to the proper contour. The

spar was designed to have the same binding and torsion characteristics as

the orbiter vehicle 102. Extensive bending calibrations were made prior

to testing to insure that the bending distributions in the tail were cor-

rect. Bending displacement calibrations were conducted between the 9 x 7

and 8 x 7 tests. These confirmed proper aerodynamic shape during testing.

The tail was mounted rigidly to the model backbone but the lower end of

the spar was instrumented to measure shear load, bending and torsion, this

balance did not yield any usable data during the Ii x ii or 9 x 7 foot

tests because of a strain gauge problem. Data were obtained during the

8 x 7 foot portion of the test but their accuracy is suspect.

The remainder of the model was constructed of aluminum and steel and

was mounted on a 2.5-inch balance. A straight sting was used in the ii x Ii

foot tunnel. The articulated sting was used in the 9 x 7 and 8 x 7 tunnels.

In the 8 x 7 foot tunnel, a 31 ° bent sting was used with the articulated

system because this test was run in conjunction with another program which

required very high angle of attack range.



NCMENCLAT0_E

PLOT

SYMBOL
i

A

Av

BMV

CA

CABv

CAc

CAr

CD

CDv

OSEO

0S_

OHlr

MNEMONIC
s,±

AF

AFV

BMV

CA

CAB

CABV

CAC

CAF

CAU

CAUV

CAV

CLV

CD

CDV, CDVR

C'HEO

_T.'r.

CHLR

axial force, orbiter main balance

axial force, vertical tail balance

flexible vertical tail bending moment

axial force coefficient, total orbiter
including base

orbiter base axial force coefficient

vertical tail balance base axial force

coefficient

adjusted sting cavity pressure axial force
coefficient

orbiter forebody axial force coefficient

uncorrected orbiter balance axial force

coefficient

uncorrected vertical tail balance axial
force coefficient

corrected vertical tail axial force coefficient

vertical tail lift coefficient

orbiter drag coefficient

vertical tall drag coefficient

inboard elevon hinge moment coefficient

outboard elevon hinge moment coefficient

lower lei_ speed brake panel hinge moment
coefficient

lower right speedbrake panel hinge moment
coefficient



PLOT
SIMBOL
m

CKSB 1

_s_

c_R

CHur

CL

C_ (BODY)

C_v (BODY)

Cm

C_

or_

ci

Cwv
C_A

Cel-4

CPSOI, 502

or

Cn (BODY)

Cnv

%

M]CSNORIC

C_BR

CHR

CL

CBL

CBLV, CBLVR,
CBLVF

CIMV, CLMVR

CLV

CN

,CNVR

CPBA

CPI, 2, 3,

CPSOI, 502

CY

CYN

CYNVR, CYNV,
CYNVR

CYV. CYVF,
CYVI_

NCKE_CLATJRE(Continued)

DEFINITI_

left hand speed brake hinge mnment coefficient

right hand speed brake hinge moment coefficient

rudder hinge moment coefficient

upper left speed brake panel hinge moment
coefficient

upper right speed brake panel hinge moment
coefficient

orbiter lift coefficient

orbiter body axis roiling moment coefficient

vertical tail rolling moment coefficient

orbiter pitching moment coefficient

vertical tail pitching n_ment coefficient

vertical tail lift coefficient

orbiter normal force coefficient

vertical tail normal force coefficient

average orbiter base pressure coefficient

individual orbiter base pressure coefficients

individual vertical tail base pressure

coefficients

orbiter side force coefficient

orbiter yawing moment coefficient, body axis

vertical tail yawing moment coefficient

vertical tail side force coefficient

9



PLOT

S2MBOL

CKSB

HEI

HI1

Hlr

Hul

,./D

MY1

MY2

N

m

mv

q

J

Y

'rv

MT_4CJIC

CHSB

HEI

HEO

HLL

HLR

HUL

HUR

L/D

IlY

_,Q(PSF)

SF

N(_[E_CIA_/RE (Continued)

DEF_ITIG_

speed brake hinge moment

inboard elevon hinge moment

outboard elevon hinge moment

lower left speed brake panel hinge moment

lower right speed brake panel hinge moment

upper left speed brake panel hinge moment

upper right speed brake panel hinge moment

orbiter lift to drag ratio

flexible vertical tail upper bending moment

gauge output

flexible vertical tail lower bending moment
gauge output

flexible vertical tail torsion ge_ge output

orbiter normal force

vertical tall normal force

orbiter pitching mament

vertical tail pitching moment

freestream dynamic pressure

orbiter rolling moment

vertical tail rolling moment

orbiter side force

vertical tail side force

flexible vertical tail torsion

10



NOMENCLATURE (Continued)

PLOT

SYMBOL

XCp

XCP v

X !

n

nv

ZCP v

Z !

B

6El

_EO

_R

6SB

_BF

ACy

CONF

MNEMONIC

SCP

XCPV, SCPVR

SCPVF

YM

YMV

ZCPV,ZCPVR

ZCPVF

ALPHA

BETA

DEI

DEO

DR,RUDDER

DSB,SPDBRK

DBF,BDFLAP

DCY

CONF

DEFINITION

longitudinal location of the orbiter center of

pressure in percent of body length

longitudinal location of the vertical tail

center of pressure in inches full scale from the

nose IML

distance from vertical tail spar base centerJine

to shear force center

orbiter yawing moment

vertical tail yawing moment

vertical location of vertical tail center of

pressure in inches full scale from zero water-

plane

distance from vertical tail spar base to shear

force center, measured parallel to vertical

tail spar base centerline

orbiter angle of attack

orbiter angle of sideslip

inboard elevon deflection angle

outboard elevon deflection angle

rudder deflection angle

speed brake deflection angle

body flap deflection angle

side force incremental difference between

measured coefficient data minus data values at

8 = O, DCY = Cy_=B-CY_=o

configuration, numbers 1 through i0

ii



NOMENCLATURE(Continued)

PLOT
SYMBOL

ACn(BODY)

AC_ (BODY)

CY8

CnB(BODY)

C_B(BODY)

CY_r

MNEMONIC

DCYN

DCBL

DCY/DB

DCYNDB

DCBLDB

DCY/DR

C (BODY) DCYNDR
n_

r

C_r(BODY)

RN/L

DCBLDR

RN/L

DEFINITION

yawing moment incremental difference between
measured coefficient data minus data values at

B = O, DCYN = CnB= B - CnB= 0

rolling moment incremental difference between

measured coefficient data minus data values at

B = O, DCBL = C_8=B - C£B=O

side force coefficient derivative with respect

to beta calculated from two methods, for alpha

sweep data incremental differences between mea-

sured data values used, for beta sweep data

slopes of the measured data within 8 = +2.5 °

were used

yawing moment coefficient derivative with respect

to beta calculated from two methods, for alpha

sweep data incremental differences between

measured data values used, for beta sweep data

slopes of the measured data within 8=±2.5 °

were used

rolling moment coefficient derivative with respect

to beta calculated from two methods, for alpha

sweep data incremental differences between mea-

sured data values used, for beta sweep data

slopes of the measured data within 8=±2.5 ° were

used

side force coefficient derivative with respect

to actual rudder deflection calculated using in-

cremental data

yawing moment coefficient derivative with respect

to actual rudder deflection calculated using in-

cremental data

rolling moment coefficient derivative with

respect to actual rudder deflection calculated

using incremental data

unit Reynolds number, million per foot

12



PLOT
SYMBOL

_v

(_v

_SBuL

_SBLL

6SBuR

_SBLR

_ERI

6ER_

6ELI

6EL@

CABVR

M

Pt

P

Tt

MNEMONIC

BETAV

ALPHAV

LAMDAV

BIASSI

BIASS2

BIASRM

DSBUL

DSBLL

DSBUR

DSBLR

ELV-RI

ELV-R_

ELV-LI

ELV-L_

CABVR

MACH

PT

P

TT

NOMENCLATURE (Continued)

DEFINITION

vertical tail angle of sideslip, degrees

vertical tail angle of attack, degrees

sweep angle of vertical tail, degrees

pound output of gages corrected for bias -

side force

pound output of gages corrected for bias -

side force

pound output of gages corrected for bias -

rolling moment

upper left speed brake deflection, degrees

lower left speed brake deflection, degrees

upper right speed brake deflection, degrees

lower right speed brake deflection, degrees

right inboard elevon deflection, degrees

right outboard elevon deflection, degrees

left inboard elevon deflection, degrees

left outboard elevon deflection, degrees

vertical tail balance base axial force coeffi-

cient

Mach number, v/a

tunnel stagnation pressure, psfa

tunnel static pressure, psfa

tunnel stagnation temperature, °F

13



REMARKS

The 0A126test program was successful in obtaining incremental data

from the orbiter main balance. The differences in the lateral directional

stability coefficients due to aeroelasticity of the vertical tail were

determined by running the rigid tail and the flexible tail at the same

conditions wherever possible. Becausethe force tail with balance was used

as a base in the ll x iI foot tunnel, and it was later determined that

these data did not represent rigid conditions because of the flexibility

of the tail, the data book values were used as a rigid baseline for this

portion of the program. One configuration at rudder angle of zero and

speed brake angle of 25° using the pressure tail was run in the ll x ll

foot tunnel. These data matched the basis for using the data book for the

rest of the data.

In order to obtain loads on the vertical tail, the load on either the

rigid or flexible tail and the increment between them on the orbiter main

balance are required. Because the force tail proved too flexible to obtain

good data (either loads or increments), that left only the flexible tail

to obtain tail loads. The base of the spar on the flexible tail was

instrumented with strain gauges to measure shear, bending and torsion.

One of the bending gauges was applied incorrectly initially and caused

very large interactions when a drag load was applied. This prevented

any of the data from the ll x Ii or 9 x 7 test from being usable. The

beam was reinstrumented and a drag moment gauge added prior to the 8 x 7

test. The balance then worked much better but was still not very

14



REMARKS(Concluded)

accurate. The tail data from the 8 x 7 foot test should be considered to

have an accuracy band of ±10%.

The ii x ii foot tunnel experienced a problem with the nozzle walls

fluttering at M = I.i during the OAI26Atest program. This occurred only

once with the model in the tunnel and the intense low frequency vibration

caused someminor damageto the model. Becauseof this problem limited

supers0nic data were obtained and the test was concluded with only subsonic

data. The supersonic portion of the test (from M = 0.9 to 1.4) was con-

ducted at AEDCin the 16 foot transonic propulsion tunnel in June and July,

1978. This test was called OA129and is reported under separate cover.

During the 8 x 7 foot tunnel program, there was a problem with the

Beckmanthat affected the first 98 runs. The cables between the Newports

and the Beckmanwere unshielded and were building up a capacitance. When

a data point was taken, this capacitance resulted in a reading of up to

30 counts that decayed to zero in about 1/2 second. Data were collected

immediately, however, resulting in a random error of up to 30 counts.

This resulted in errors of up to 3 pounds on each individual gauge reading

and in errors of approximately 0.1% of the coefficients when loads were

high; however, these errors were as muchas 50%when loads were very low.

These data were not rerun because of the small effect on the majority of

the data.

15



CONFIGURATIONSINVESTIGATED

The test article provided was a O.03-scale representation of the space

shuttle orbiter vehicle. The 47-0 model was originally designed to the -140

orbiter lines. However, continued updates have been madeso that the model

is representative of the OVI02 orbiter vehicle. The wing has been updated

to the 14414.1 C/C trajectory numerical control lines.

The spacecraft was of the blended wlng-body design with a double delta

(81o/45° LE) wing planform, 12%thick with full span elevons which had a 6-

inch interpanel gap between the independent inner and outer panels. A single

centerline vertical tall with split rudder/speed brake combination is mount-

ed between two OMSpods. A single body flap was mounted on the aft end of

the lower fuselage surface. Uncovered RCSthruster ports were simulated near

the nose. SSMEnozzles were partially simulated. A 3-inch diameter hole was

bored through the SSMEnozzles and the model base on the orbiter centerline

at Zo = 11.70 to clear the mounting sting.

All three vertical tails used were of the samelines. The rubber

covered flexible tail was cast in a mold madefrom the force tail. The con-

figurations descriptions for test OAI26Aare listed below:

CONF. RUNS TAlL/BALANCE MACH Q(PSF) 6SB SR

i 38-82 6-DOF TAlL BAL .6,.8,.9,1.1, 450,900 25 0

1.2,1.4

2 86-112 6-DOF TAlL BAL .6,.8,.9 450,900 25 -i0

3 115-129 6-DOF TAlL BAL .6,.8,.9 900 55 0

4 134-148 6-DOF TAlL BAL .6,.8,.9 900 55 -i0

5 152-198 RUBBER TAlL .6,.8,.9 450,700,900 25 0

6 200-244 RUBBER TAIL .6,.8,.9 450,700,900 25 +i0

7 251-295 RUBBER TAlL .6,.8,.9 450,700,900 55 0

8 299-345 RUBBER TAlL .6,.8,.9 450,700,900 55 +i0

9 348-357 DUMMY TAlL BAL. .6,.9 450,900 25 0

i0 359-368 PRESSURE TAlL .6,.9 450 25 0

16



INSTRUMENTATION

The orbiter was sting mountedon a 2.5-inch diameter six-component

balance. In the Ii x ii and 9 x 7 tests the Task 2.5-inch balance was used.

In the 8 x 7 test the Task 2.5-inch MKXIwas used. The balance moment

center was located at Xo = 32.471, Yo = 0 and Zo = 11.7.

The force vertical tall was mounted on a 1-inch diameter component

Lockheed balance (#10033). This balance moment center was at Xo = 40.219,

Yo = 0, and Zo = 14.438.

The flexible tail spar was instrumented with bending, shear and torsion

gauges. This balance center was at Xo = 42.040, Yo = 0 and Zo = 15.00.

Base pressures were measured by individual model mounted transducers

during the ii x ii and 9 x 7 tests. No pressures were measured during the

8 x 7 test.

The inboard and outboard right-hand elevons were instrumented to

measure hinge moments. These measurements were not performed in the 8 x 7.
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TEST FACXLTTT D_Cm

The Ames 11 x ll-Foot Tru_onic Wind Tunnel is a variable deastty,

closed-return, continuous-flow type. This tunnel has an adjustable

nozzle (two flexible walls) sad a slotted test section to permit tran-

sonic testing over a Mach number range continumasly variable from 0.4 to

1._.

_he Ames 9 x 7-Foot Supersonic Wind Tunael is _ Tari&blAr-densi_y,

eontinuous-flow type with an adjustable nossle _o permlt supersonic

testing over a Maeh number range eontinuousl_ variable from 1.5 to 2.5.

The nossle is of the asymmetric, sliding-block type in which the variation

of the test section Jlanh number is anhleved by trsnslating, in the stream-

wise direction, the fixed-contour block that forms the floor of the

nozz le.

The Ames 8 x 7-Foot Supersonic Wind Tmmael is a closed-return,

variable-density tunnel with an8 x 7Lfoot rectanguiar test Se-c¥ion.

The noszle has flexible side walls with flxed upper and lover su_aces.

Math number range is contlnuous_y variable 1_ 2._5 to 3.5. Tunnel

stagnation pressure can be varied from 0.3 to 2.0 atmospheres and

Reynolds number per foot varies from 1.0 x 106 to 5.0 x 106.

18



DATA _NCTI_

The model force and moment data were reduced to coefficient form in

the body and stability axis. Moment data were reduced about a moment

center corresponding to .65 L_at W.L. 375 (M.S. 32.301 and W.L. Ii.25).

Model angle of attack and sideslip were corrected for sting and

balance deflections and floe angularttz as required.

OB line data were presented in two formats depending on the vertical

tail conTl&_ration. _he rems/nlng data _ere-c-omputed off -line and contain

all the desired data.

The fol_ are the data reduction equations used on this test_

Orbiter Force and Monent Coefficients
n i

Compute the bod_axts coefficients

CA - AF
m

q_

MY

q_

cm - 1" + CA(ZT) . c_(=)
qSv um, _ um,

CYN qSv (m_) "

CBL- q_v (_)

Cce_ute StabllitTAxi s Coefficients

CL = CN cos_ - CA sin_

CD = CN sina + CA cosa

19



DATA REDUCTI_ (Continued)

Center of Pressure and Lif_/Dra# Ratio

C_apute the C.F. location in percent of body length

XCP = LB

Compute lift to drag ratio

Vertical Tail Coefficients
i

Vertical tail coefficients on the flexible vertical were obtained by

ccaputiag the loads at the balance center from the lhear, bending and

torsion gauges and then transferri_ them to the orbiter reference center.

CIV = SFV
m

CYNV IMV
B

(romp)

CBLV ='
qSw (]lllil')

Vertical tail center of pressure in full scale orbiter coordinates
!

XCPV = CYNV (BREF)
(C/V) .03 + lO76.7

ZfJl_ CgLV (BREF) + 375.0
" (cxv).03

The dimensions and constants used for this test are as follows:

Constant Value

28. lOOk in.

Definition

orbiter reference wing lIpan

CE 2.721 in. elevon reference chord

2O



II%TA REDOCTI(N (Concluded)

LB

LREF

SE

ST

SW

XT

X_P

ZT

Value

0.69o in.

38.709 in.

i_.2_3 in.

o.37_93_2.

2._io ft2.

.168 in.

25.16o85 in.

0.450 in.

Definition

distance between flexible vertical

te_l b_ gauges

orbiter I_, ref.

orbiter wing reference chord

elevon reference area

vertical tail reference area

orbiter wing reference area

distance from the main balance
center to the orbiter reference

center parallel to the FRP

distance frca IML nose to orbiter

reference center

distance fTem the main balance
center to the orbiter reference

center perpend/cular to the FRP

21



R_ENCE8

0rbiter-Lines and Configuration Control I_awln_s

TLT0-0001_OA, Orbiter Configuration Control D_wlng NOR 0200 _eline.

VLTO-OOOI04B, Orbiter Configuration Control I_awl_ NCR 0200 Baseline, R3,

2, 1973.

VLTO-OOOI43A, Lines Control, Vehicle _ Folmmu_d Body - Cabin - Canopy
MCR 0200 Baseline.

TLT0-000200, Lines Control, Mi_o_7 - Wing - Boot Fairing MCR 0200
Baseline, R3, July 2, 1973.

VLT0-O001_5, Lines Control - Aft Body - M_ 020OR1 Baseline (Exclude
P s).

VLTO-OOOI_6A, Lines Control (Vehicle A) Vertical Tall MCR 0200 Baseline.

VLT0-O0002, Design Geometry - Orbiter.

TLTO-OO8_O1A, General Arra_e_nt - Aft Pod, Low Profile Tan4emj 1000
F_S MCR 0651 (2nd issue RCS Pods only).

TL70-008_IO, General AzTu_ement - APS Pod, Low Profile (Study - April 17,
197 ).

VL70-008296, Fwd. + Z _hrusters (Installation IATout Ii-13-7_).

VL70-008501, _. Taw and Down Firing Thruster _ment, Inner ML
Penetration Study, 3-10-75.

VL70-008501, Fwd. Module TCS-X Firing Thrusters with Noszles, Penetration
through _S, 3-10-78.

Model Drawi_s

SS-A01301, Body Flap, 0.03-Scale Model 57-0TS Task 28.

SS-A01157, Instr. Body Flap Assy. and Details O.03-Scale Model (I_0B).

SS-A00126, Assy. and Details - Vertical Sta])., Model (ikTB Lines) 0.03-
Scale.

SS-AOIIS_, Vertical Stab. Aaay. - O.03-Scale SS_ Orbiter, Panel Loads
Model _7-0.

22



(Conclude)

Model Drawings (Continued)

SS-A01156, Hinge Beam Assy., Rudder O.03-Seale SSV Orbiter l_nel Loads.

SS-AOI_, Wing Assys. - O.03-Scale - _-O Model.

SS-AOISOI, Modif. O.03-Svale SSV, _7-0 Model, 0A155 (Langley) Teat.

IA-73-589, Structural Analysis of the O.03-Scale SSV Launch Configuration

Pressure- LoadsMc_ez(47-0TS)

Letters

SAS/AERO/77-_7, "Orbiter Aeroelastic Sensitivity Evaluation," August _,

1977.

SAS/AERO/77-537, "Test Requirements for OA126 Series of Wiad Tumnel

Tests," October 20, 1977.

SAS/AE_/T7-055, "Aeroelaatlc Orbiter Vertical Design Information,

October 21, 1977.

SAS/AnO/78-O_8, "aevl,lon to _ Test Ba_aAremonts," Jaaua_'7, Z9, Z978.

SAS/WTO/77-167, "Model Requirements for Test OAI26A, B, C," December 15,

z977 aaa Aaaeaaa#z _ #5.

_S/WTO/76-136, "Test a_126C Model Ru=_irements," October 9, 1978.

SAS/AER0/78-474, "Model Requirements for Wind Tunnel Test 0A1260,"

September 28, 1978.

SAS/AERO/78-_71, "orbiter Vertical Tail Struct-aral Calibration Require-

ments," September 22, 1978.

SAS/AER0/78-_90, "Pretest Twist Measurements on Rubber-Covered Flexible

Yertie&l Tail," 0etober 6, 1978.

SAS/AERO/78-_75, "Flexible Strain Gauge Calibration," October _, 1978.

SAS/WT0/78-125, "Balance Miaimum Size for Test 0A126C," September 13,
1978.
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TEST : OAL_6A

II

J pAT,=: ,,7+
TEST CONDITIONS

L

REYNOLDS NUMBER DYNAMICPRESSURE *;TAGNATIONTEMPERATURE

MACH NUMBER (per foot ) (poum:Is/sq.ft. ) (degreesFahrenheit)

.6

.6

.6

+8
.8

.8

.9

,9

,9

3.7_ x 106

5.77 x 1o6

7.31 x 106

3.02 x 106

b,.6ox zo6

5.70 x 106

2,78 x 106

4.22 x 1o6

5,110 _ lO6

9oo

_50

7OO

900

_,5o

70o

900

BALANCE UTILIZED:

NF

SF

AF

PM

RM

YM

2.5" TASK MKXVA

CAPACITY:

2000 each/1700 each

i000 each/ 700 each

/Iooo

ACCURACY:
COEFFICIENT
TOLERANCE:

2o00±--lb,/2ooo i -b_,lrk¢._

COMMENTS:

24
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_%_LEI. (Continued)

TEST : oAz26_ I
TEST CONDITIONS

DATE l Hay 1978
|

MACHNUMBER

1.55

x.55

z.55
2.00

2.00

2.00

2.70

2.50
2.50

REYNOLDSNUMBER

(per foot )

1.118 x 106

g.08 x 106

DYNAMICPRESSURE

(pou,ds/_. ft,). ,

3oo
6oo

9o0
3oo
6o0

9oo

3oo
6oo

900

;TAGNATIONTEMPERATURE

(deipeesFahrenheit)

BALANCEUTILIZED:

NF

SF

AF

PM

RM

YM

2.5" TASK MKXVA

CAPACITY:

e_ch/I700 each

zooo eaca/7oo e=ch

8oo

ACCURACY:
COEFFICIENT
TOLERANCE:

_20001--1h-

COMMENTS:

25



TEST : 0A126C

_L_ z. (concZuaee)
1
TEST CONDITIONS

DATE = Dec. 1978

MACHNUMBER

2.=_3
v

_._o

, '_._0

3,00

3,00

3.50

3.70

REYNOLDSNUMBER

(per foot )

z._.5 = zo6

_.2_ x ,0 6
2.1'2_ zo6
3.plx zo6
2._ x zo6
2.82x _;

DYNAMICPRESSURE

(p0unds/sq.Ct.,_

450

.too

STAGNATIONTEMPERATURE

_0

6po

_po
_5o

(delPeesFahrenheit)

BALANCEUTILIZED:

NF

SF

AF

PM

RM

YM

2.5" _ ]IIKZZ

CAPACITY: ACCURACY:

ee.e_

COEFFICIENT
TOLERANCE:

COMMENTS:
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Se R =

8eL0 ÷ 6eLI

_eRO ÷ 8eRi

2

8eL 4. 8eR

2

8e L - 8e R
|| m

2

\ \

Positive
Deflection of

Rudder, 8r

Elevon, 8e

Right, 8e R

Angle

Aileron, 8a

÷fl , -_

-a , -0

Aero Forces.
and Homents

+Cy , -C n

-C m

Hinge
Moment

-Ch r

-Ch e

÷cl

-CheR-_ -cf

Left, _e L +qb ÷C/ -CheL
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-C m -ChbfBody Flap, 8bf

b.

-a , -0

Cc_t_ISu_eDefl_tl_s

Flgure l. C_t_u_.
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RUDDE_ AND SPEn) BPAKE DEFLECTIONS I Ma_xi___ ._De.fjcctlons

"%" 14I -351+2o o °
{'_'l-n.7/+22.5=_

_ ' Yo.O

ELEVON D]_mLECTIONS _ ./_

._ I //// "_

BODY FLAP DEFLECTIONS

xo = 1532

Zo = 287.0

c. Def_nition of A_ V_asurements

I. Concluded.
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cover plate

r screw "_ /

hinge pin

ball bearing hinge

( 2/p_l )

i

/

Note: Lower hinge pin is behind beam in this

view and is not shown for clarity I

Panel shown is upper right hand s one of ._he
four total

_ction bracket and

screws ( 3 )

e. IMcrlc _ Bz_ke 1,_1
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APPENDIX

TABULATED SOURCE DATA

(VOLUME 2 - OAI26A TABS)

Tabulations of plotted data are available on request from Data Management
Services.
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